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OPnCAL AMPUnCATION IN MINIATURIZED POLYMER CAVITV RESONATORS 
FIELD OF INVENTION 

The present Invention relates to a miniaturized solid state cavity resonator based on a 
TlZ^' ' ^^'""^ ^ Photo-definable polymer. Optical 

rZ d ! T ^'"'"^ '^'^ such as a 

K„ .c Ik '^'^^ "'^""'^^"^ed by doping the polymer with a laser dye and 

^ovwed ^*»ttv»ty of the material to form a resonator cavity teser is 

BACKGROUND OF THE INVENTION 

It .s known in the art of MEMS. Micro Electro Mechanical systems, and of -Lab-on-a-chlp- 
15 ^sterns to combine various components, such as waveguides, flow channels, optical 
detectors etc. on a single chip. However. It Is often a problem to couple tight used for e.g 

frcrl hIT °' •^P'-'-V' - ,s usedVor transmitting lig; 

from a Ught source onto the microsystem. However. In order to couple the Hght Into optical 

20 mak.ng the assemble sensitive to any externa. Impacts. Furthem,ore, many of the ub-on- 
a-ch,p systems would be suitable for use with single use devices, provided that a cheap 
light source could be provided on the chip itself. 

25 TanldCrfr'T' ^""^ '"''^^sy^tems may thus be enhanced by Integration of optical 
^1^1 Po'vn-er based mlcro-chlos integrating 

29. page 582 (1976)) has demonstrated a miUlmeter-steed solid state dye laser by ckstina 
oorrTr"'" Tl'"^ '^^ ' P-'vurethane. The dye d^Jd^ ' 

mil l " ^''^^ "^'"9 ^^'^^ « of SIO, or 



35 



U et al. {Fabncation and testing of solid polymer dye microcavity lasers based on PMMA 
40 ZTa^oeZZt:r'V''''''^ "'"^ ""'^"^ micfabrtaatlon techniques f^ maWng 

^flt^Lt H .1 . "^^ Prt"«P»B Of total internal 

reflecuon and the laser light Is coupled out through the surface of the cavity 



I 2 



APPIlCAnO«/3S067XX0VCRI»/Cl«V12K)6-03 .^^ ^ ...... 

«^st printed i:i/06/03 J5:09 



ThU 12 Of Jun 2003. 15:ft0 sent to: +45 43508001 - DKPTO Page 4 o£ 27 



10 



However, none of these references provide a resonator cavity being easy to manufacture 
wrthotrt the use of siJicon molds, and furthermore being capable of emittknd UghHateraily, 
so as to e.g. facilitate coupling of light Into a waveguide poslUoned in the same plane as 
the resonator cavity and still further which may be provided on any substrate material. 

DETAILED DESCRIPTION 

It is an object of the present Invention to provide a resonator cavity being simple to 
manufacture to e.g. make the cavities suitable for single use devices. 

It is a further object of the present invention to provide a resonator cavity in a photo- 
definable polymer, such as a photo-resist material, such as SU-8. 

11 is another object of the present invention to provide a resonator cavity which may be 
15 provrded on any substrate material. 

It is a still further object of the present Invention to provide a resonator cavity being 
capable of lateral emission. 

According to a first aspect of the present invention, the above and other objects are 
20 fulfilled by an optical device for providing optical amplification, wherein the optical device 
compnses 
a substrate, and 

e radiation sensitive polymer structure provided on the substrate in a predetermined shape 
defmed by a number of side walls, n, and being doped with an optically active medium, 
25 wherein the side walls of the structure form a cavity resonator so that an electromagnetic 
wave upon pumping of the device is emitted laterally. 

According to a second aspect of the present Invention, the above and other objects are 
fulfilled by an optical device for providing optical ampilflcatton, wherein the device 
30 contprises 

a substrate, end 

a rad.at.on sensitive poiymer structure provided on the substrate in a predetennined shape 
defined by a number of side walls, n. and being doped with an optically active medium, 
wherein the shape and/or at least one material provided at least along a part of at least 
3S one side wall of the structure are selected so that an electrt,magnetic wave propagating in 
the structure will experience total internal reflection when incident on no more than n-l 
side wails. 



40 



It IS an advantage that the polymer structure may be provided on any substrate material, 
and that the substrate do not necessarily have to be plagiarised before the polymer 
struct..re ,r formed on the substrate. Thus, other structures, such as waveguides, micro 
Channels, etc, may be formed on the substrate using another or the same material 
Platform before the polymer structure Is fonned on the substrate. Alternatively, these 
other structures may be formed after the polymer structure has been fonned. 
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An electromagnetic wave may be emitted f,« 

the structure upon pumping of theTeJ^^ " ' "^'^ O'^ ^We wall of 

' P-^"^"^^^^^^^^^ --P^ «n response to any 

greater than a critical angle to ob^fn Jo^ ^te"° r« "'^"^ ^" 

defined by the refractive index of Se T"*""" '"'*"=^' '"S"* 

^^-Uotbepo,ymerstr^u..„...e-r-^ 

ret:etr.etrr:rbe^^^^^^ 

on e.g. n-l side walls experlenc^Totennt^T^^ electromagneHc wave Incident 

« on at .east the n'^ side wal, allo^ rc^p^g ' "It? ^ "^^^ 

sensitive polymer and cor^po„d.„g ^X^^ir^a^ 

for example comprise a and a se«^2 maTerlarrr"; "^^ '^"^ "'^^rt-' 

Prowded along a first number of side mlteTn^lL^ ;"'^^^'' ^ « -"^erta' 
second number of side walls, the mat^rSte and ^^T"? T"''"' ""'"'^^^ « 
selected so as to provide total InternTrefr^ T ^« ^'"^ ^^'^ being 

30 than tl,e critical angle for a P^)^^!"! iT" '"^''""^ ^rea^ 

of Side walls, whereas the se^nTZZt^LTTT''' "'^^ °" "t^ber 

efectromagnetlc wave incident o„ the s^'nf "^"^ ^ Propagating 

The first material may be any material . 

'ndex Of the poiymen^T^e Zer ^^t^^ ^^'^ t '^"^^ ^'^^^ 
ceram cs. insulators, etc. ^ Polymers, plastics, or 



APPUCATlOW35067XX0X/CRN/CRN/i2.06-03 

last printed X2j06tO3 15:09 



ThU 12 Of Jun 2003, 13:41 sent to: +45 43508001 - DKPTO Page 6 Of 27 



4 



The second material having a refractive index different frxjir, the refractive index of the flret 
material may be air, liquids, polymers, plastics, or ceramics, etc. In a preferred 
embodiment, the second material is o material capable of guiding electromagnetic waves, 
S such as a polymer, such as SU-a. such as a glass waveguide, etc. The waveguides may be 
provided on the substrate after the resonator cavity has been formed or, alternatively, the 
waveguides may be formed In any pre-pattenned structures by the use of any material 
platform before the resonator cavity is formed. 

10 The second material may be provided along at least a part of at least one side wall for 
allowing for emission of an electromagnetic wave from the structure. In a preferred 
embodiment the shape of the structure is rectangular and the crIOcal angle of the at least 
part of the at least one side wall may be altered due to the presence of the second 
material for oulputting an electromagnetic wave. 

15 

According to a further aspect of the invention, an optical device for providing optical 
amplif tc«lon Is pn^vlded wherein the device comprises 

a substrate, 

a pholo-definable polymer structure provided on the substrate in a predetermined shape 
20 and being doped with an optically active medium. 

In the present context a photo-definable is to be Interpreted as a polymer which is 
sensitive to electromagnetic radiation having a wavelength above 250 nm so that standan) 
exposure systems may be used. 

25 

The photo-definable polymer may thus be photo-definable by a source of electromagnetic 
energy having a wavelength larger than 250 nm. such as larger than 260, such as larger 
than 270. such as larger than 275 nm, such as larger than 280 nm, such as larger than 
300 nm, such as about 365 nm, larger than 400 nm, such as about 485 nm, 

30 

According to a still further aspect of the invention an optical device fbr providing optical 
amplification is provided, Uie device comprises 
a substrate, 

a photo-definable polymer structure provided on the substrate in a predetermined shape 
35 and being doped with an optically active medium, 

wherein the photo-definable polymer is a negative tone photo-definabte polymer. 

According to a still further aspect of the present invention an optical device for providing 
optical amplification tjpon pumping is provided, the device comprises 
40 a Substrate, 

a Photo-definable polymer structure provided on the substrate in a predetftrmlned shape 
and being doped with an optically active medium, 

wherein the photo-definable polymer is an epoxy based pholo-deflnabte polymer. 
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dye. By using short pu' ltidthTs!^T^ """^'^"^ ''""'P'"^ « '^^r 

preferably such as aLt s TThe r^et^^^^^^^^^ '^"^ " ^"'^ "s, 

HZ, such as about ,0 HZ. Ittan t^n^lZ ^^ ' "'^'^^'^'^ "^^w 

heating of the device t.ic^plZ ^^^'^'T """^ substantiaKy no 

med,um. .t ,s an advantage S^no 1!^^^^^^^^ ^ "^^^'-V active 
15 least below 10 us. ^o^^** when the pulse width Is kept at 

:i7trsr:::%:rp™ — « ^'--^ ^^-med .de 

this n^edlum to provide for e^'XTt^iTnl'^^^^ ^"^ ^'^^ °^ 

20 laser cavity. Furthermore, deJnX 0^^.17^°"' ^" ""^V be a 

pumping of the ^vlty r^n^r the eml^d^^^^^ ^"^""^ 
electromagnetic wavei electromagnetic wave may be a coherent 

25 '^'^^^:zrj::::z:^:^^^ -tted ,ight 

seen that in one embodren^ oJ th^v^^^ f T wavelength. It is 

optical path length ,n the resonator «vT^^^^^ "^5* P™'^'^"'*' 

propagating electromagnetic ^^^^^^^th of the 

electrtimagneilc wave being a shi^ te mn^^^^ ^ °^ ^ ^''^'^^ 

30 ^ electromagnetic wave. 

^ncrnTrawon of tL"'^^^^ "^^^ detemiined as a function of 

and furthe^ore -PenUll~"^r m"^^^^^^^ 

" -am l.thog.phy, x- 

w».l«„n, Of abo« 365 " "=« « = 
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cotTpllT^jt^ i^l^a?o« ""^ P™""**^- tl^e <^^"ce may comprise 

trapped, 'he electromagnetic wL pZltlno^^^^^^^^ the shape e.g. ,s 

greater than the criOcal angle at tZ^^ T ^ "^""^ ^ « an angle 

incidence on the fourth side wa, te« S^thl^ ^T. "'"^^ °' 
output wave out of the cavity ^onator " ^ ^'"^ ""P'^ns an 

. ^velop^entoftheWutTr^ tw™4re:h^ 
use a positive resist so that exposinTJ/tL !r ^'^'"^"^^ « "^V ^ advantageous to 

-xposureo.andthusany^eSr:Vn^^^^^^^ 

based polymer .s cross-linked and veX s^L k« ? T'^"'" ''"'^ ^^'^'V 
- ---.ngthestructu.su.arf:r?aSS:r^^^^^^^^ 

:;^ro~::::ir^^^^^ preferah. hy an 

as above 300 nm, such as atove ^o^m'l k J° ™"' "'"'^ ^ such 
25 nm. used In l-l.ne rithographyTruc^ ^^^^^^^^ ""^^^ P-^'-ably about 365 

such as about 436 nn, i.^:;o^;;^,S^:,Zr " '''''' 

^ J-r;:;^^^^^^^^^ .hography u.ng near UV .d.a«o„ 

30 complicated when standard manufacu/rir^'l^w^^^ °" « less 
complexity of the fabrication pr^^rthlT^n " 
And s.nce the costs of e.g. slng^S s^^" „ ^I^' ^"'="^ '"^^ °' «mple. 
widespread use of such ^nglelL d" ^r^::^ '^^^^^^ to aHow for 

essenua, need for the continued growth^?/ ^mt^ LTs^ ™r ^« - 

advantage of the polymer h.ving a tew abs^o^l L °^ " « '"^f^^^ 

wave Is not absorbed due to e.^^^^ " l?i^" ^ T •'^'^Sat.ng electromagnetic 
40 ^ propagation tosses in the structure. 

The polymer may preferably be SU-ft h-i« 

H«ving a good chemically aTtl^^^^r^,^^ '^^'"^ '''' ^^''^^ and 
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«uo^n«; T^^"Jr,,t;-r^^^ '** >» »>• ■>« 

oamrne 6G R 4127, such as the dye having Cas No. 989-38-8. 

25 concentration should be tent . ^"'^ '^^'"9- """^^^ 

dimers. e.g. for^ZZZr.Z r- ^^-t"^' substant.a«y no diners are formed, since the 
Rhodamlne is emitting light' tZll^t wavelength range where 

emissron. Por R^odamine' ga^^^^^^^^^^ ?! ^""^ ""^^ °^ as the 

dyes 9a.n .s obtained in a dU" e„t S^^l^ten^^^^^^^^ ^° "° ''^^ '^ser 

30 expenence gain In the wavelenXrana!^ ^^^^ 

nm - 800 on,, such as f'^SOO 6^^^^^^^ " ''^^ 

wavelengths above.oon.,suchrabr;rorrr^^^^^^^ 

concentration in the polymTm ' ^1^^ ' ^'"^^ ^'^ The dye 

between 0,8 nrnole/c^^Z j^Zl^^ T'"""^ as 

.-o.e/cm^. « IS env,s^g^t3t7het^e;S^ " ''^ 
on the dye as well as the polv^er ttTnr^^^ concentrations in the polyn,ers depends 
40 enough so that the la^ng ^^^ 'iT J^f '^^ concentration Is high 

oth.r .and not be so ZT^^J^J^'^'^''''''' concentration should on the 
may further be a modifSd pol^^er s^^ .Zf^ ^"""^^ f--^"- ^ Po«Vmer 
may be increased, '^'Y^^'-' ^ as a dendrlmer. so that the dye concentration 
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T»ie substrate may be any substrate, such as a metal substrate, a semiconductor 
substrate, a ceramic substrate, a glass substrate, such as a Pyrex substrate or any 
combfnation of such materials. The refractive Index of the substrate has preferably a 
refractive Index being less than the i^fracUve index of the polymer. Alleinailvely, an 
5 additional layer may be provided between the polymer and the subsh^te. The additional 
layer may either be a layer reducing the absorbance of the substrate or the additional 
layer may be a layer Improving the adhesion between the polymer and the substrate. I.e. 
the additional layer. 

10 The polymer structure may have a height of less than 2 mm, such as less than l mm, such 
as less than 500 nm. such as less than 300 Mm, such as less than 100 urn, such as less 
than 10 wm, such as less than 2 pm. preferably having a height between 0,5 ,.m and 10 
urn, such as between i urn and 5 nm. 

The length of the cavity may be any length supporting amplification In the cavity, thus the 
15 lengtl- of the cavity may range from submlcron to a couple of millimetres. 

Furthermore, a method of manufacturing an optically active medium is provided, the 
method comprising the steps of: 
providing a substrate, 

20 providing a radiation sensitive polymer being doped with an optically active medium on the 
substrate. 

defining a predetermined structure in the radiation sensitive polymer by lithography. 

The step of providing the radiation sensitive polymer on the substrate may comprise the 
25 step of spin-coating the substrate with the radiation sensitive polymer being doped with an 
optically active medium. 

Furthermore, the step of defining the structure may comprise the steps of 
exposing the spin-coated polymer in a predetermined pattern, and 
30 developing the predetermined pattern to form at least one polymer structure. 

Still further, the step of defining the structure may further comprise the step of soft-baking 
the polymer prior to the exposing step. For some polymer materials, it is preferred that the 
step of defining the structure further comprises the step of post exposure baking the 
3S polymer, i.e. baking the polymer aUer the exposing step. 

The step of deveioping may comprise the step of using a wet developer for developing the 
pattern. 

40 m a preferred embodiment the optteally active medium is soiuted in the polymer prior to 
providing the polymer to the substrate. This ensures a homogeneous distributfon of the 
optically active medium in the polymer structure. 
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nrnx^Hi !1? r the method comprises the steps of 

10 laterally emitting an eleccromagneOc wave. 

Im^diremlr^^^^^^ ^* --3""*- -'^ a preferred 

polymer structurrj »h2 ^^""^ /^'y^®"^ "^t^^'al. It is further preferred to provide the 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

ng. X Shows absorption and emission spectra of a specific laser dye. Rhodamlne 6G, 
o^d:"Z::rLT'°^ a ,.so„ator cavity acco««ng to an embodiment of the 

30 

Fig. 4a IS a SEM photo of a trapezoid laser, 

35 

Fig. 5 Is a seiM photo of a triangular laser design, 

IhaptdTe^rs!" ^ of lateraliy emitting trtangular 

40 

Fia. 7 Show.. «n emission spectra from a laterally emitting trapezoid laser. 

F.9. 8 Shows a measured peak wavelength as a function of laser dye concentration. 
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F.g. 9 Shows an alternative design of a trape2ol<l shaped polymer structu,*. 
DETAILED DESCRIPTION OF THE DRAWINGS 

^n^^9r^erj:Z:^^^^ WHICH ca. easUy be 

a photo-deflnable polymer Sl-TZ^TJ^^^ T 

■n>is approach affo^ Z fl'hH^H . commeraally available laser dye, Rhodamine 6G. 
substratr w Jln^T fabricating miniaturized solid polymer dye lasers on any suitable 

Hractive feature is the simple design, where total Internal reHectlons on thp 



10 



15 



wavelenoth ttie aJnZIl I 'ncreasing energy, equivalent to decreasing 

It "Jeen'i:^e ,aTe;?ve'^^^^^^ '"^.rT 

appmx. 550 nm to 620 nm Tl i?"' , wavelength range from 

section IS 1.™!° fhln T" i wavelength range In which the fluorescence cross- 

30 the absorption cross-seTtir^oTfhL s^ ^ . absorption, a. is 

35 

ttr^e sL'^anstr^f "'"^ '^^"'"^ ^^on at two of the 
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Obtained at three side wafte ofT« ^•^^'^'^ '"^^-^^l -enaction 

four s.de walls 5. l l ^cel^^:" ^ ''^ - the 

trapezoid sh^pe ^^^nTo^^,:,TJ^::' V"'" ''!^ '•'^ 

in this point, -me ^^r^^Z^ZTt T^'^""^"^ * of approx. 5 pen:ent 

15 per round trip. This S^vT^a^ an! oHn^^^^^ "^^'^ ^^^"^ ""^^^ 

.^flechon points, and an anq e T- 3b ,1 f " " = ^^.29% above ec at three 

point. This allow; fora dil i% r;i^^^^ T t"" '''' '^'^ 

coupn„g.,tlsd«ncu,ttorSnr„^^^^^^^ 

without exceeding the critical annte ♦ »k ^Aectance at the output coupling, 

20 angle is approached ^ ' " »«lectance as the critical 

- - ^-ived 

The SU-8 based micro ° "oth from Mlc«K^em. 

2S the stancam photo-. X,oaTaowr^^^^ ' °" ^""^"'^ ^^^'"^^ "'='"9 

exposure. POSt^pcTre "aW^o '0«-baWng, l-li„e uv 

30 ^Ve^iolVnXl'^fTh;^^ '^^ «^ total Interna, 

coupling .s pteced. Thl it 1?;:^^/,^^^^^ '^.^ stele Whe« the output 

— angular dls^lhutlono^frr^n^^^^^^^^^ 

I«h^rcSdT^^^^^^^^ ^^""^"^ -^"^^A^ -c, the 

senes of Lsslon spt^ra "ber connected to a spectn,meter. Fig. 6 shows a 

40 measured at S^l! oTn 

Of spectra from the trape^W shaped dlS w;Ire theTe r ' ^ 

SSa nm and . measured in the plaJe of th^r^ra g 1^^^^^ ^ 
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design only, 
output beam is shown as a function of 



respectively, 

In the inserts in Rgs. 7 and 8, the Intensity of the 
the pumping power. 

"uocsc^, .bsowl^ar^Z!,^ ° ««» crass s.ctto» of 

oscmste Is d«.m*«l (rom UK mi„l,„„„ « ^ ^,„^ ^^^^ 

e«p.nme«airy ;Se.rji^^l"" c<»<»«ratlo„ Is locreasad. TOs ,s 

' Peak"'" 
, wavelength 
■ (nm) 



25 



35 



Concentration 
[mole/g]*iO* 



564 



0.741 



566 



1.05 



J. 



568 TSTO 



1.34 



1.62 



572 



1.99 



574 



2.32 



5/6 



236 



579 



2.96 



581 



3.15 



«minaiing. As the pumping power is Increased the net gain 
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increases, and the net gain maxim..^ 

the threshold condition's Jh^ "ZH^^^^ wavelengths. At some point 

may be expressed by the ^^u>s^"tl' T ' T"'' ""'^^ ^hese 
when the dye concentration Inaea^J sii^ Hence the lasing wavelength wHI Increase 
5 losses are exceeded at a longer^a,J,et^ T '^P'*^' 

wavelength as a ftinaton ofTe Sr^.?r«r " "•--^•'enr.ents of the peak 
- specially at lower conce^t^Lt strslL "^^^ 

ns Since such samples require a higher pumping Intensity. 

wavelength as the ^:LlTtZ^lTJTr^- '^'^''"^ '""^ 

-ses. readily explalnsthereladon^iirCC^^^^^^^ 

- - "^^'^aS^^^^^^^^^^^ r ^ -P-d Shaped .ase. ^ 

the longer is the lasing w^^It^ C "'^ '«^*»' «»' 

compared to a shorter^^HlTnThe to^^ al? ^^'^ ^ « -9 cavltV 

Which has a cavity length o^T^Sb TZZ '^""^""^ ^'^"'^^ 

Which /s equal to the lasing wavetenr j, ^.T^ -'--^lengtf. Is observed at 564 nm 

20 cav,ty length of <, = 54.5 Mm ^s el^lni^T^^^^ '"^^ "^"'"^ « ^'^'^'^e'" 

compared to the trapezoid shaped de^C w^nCir ' " ^'"^""^^ ^'^'S" 

max.mumand the cavity iosses^nt::^:S^atrC:.a^^^^^^^^^ 

cavity length, d 
[juni] 



LasinTi 
! wavelength 



25 



54.5 


135 


2032 


95 

(triangular 
shaped) 


564 




573 


598 


564 



may be tuned by selecting dyrconcenJr^? ' a^^^^^^^^ « '^^ «vlty 

is here described by using % RhSamIne^?Jsu^^^ ^^'^^^ 
dye lasers. ^ «noaamlne doped su-8 polymer, the principle applies to most 

30 By using this feature. It « possible to provide an arrav of 
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of trcavC ' """"^"^ <»" "^^W- wan 
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ClAIMS 



woe™., .he Sid, cfTe^^S^' T ' "«« 



"h.r.« «« Step. a„«„^ « ^^'^ """^ -«•->•. 

ode walls. ^"'*™"«"««>""'wn»>cwentoi.nonioretftaon-l 

gr««rm.„,olOca.a;5;. " ™ "» M *" "M» at an angle 

J5 de,»e. '^°'""""°"'»""'««"°'»««™a"niuponp„mpl„ao,H„ 

the angles between the side waite h».»« = i J^^"^' ""^ and second materials and 
due to an incident Bn^eTu "^!,:'^^ ^ ^ ""-^^'^^ '"temal reflection 
35 cntica. anc„e for a Pmpagat'n^ X^^^^^^^^^ '^"'"^ ^^^'^^ 

wails, whereas ^^e seLnd ^e^^^^!^^':^^^^^ the fl«t number of sWe 

wave incident on the second num^fi !? ? Propagating electromagnetic 

r.- rne cnfcai ang^so af t^J^ T'"* ""''^^ ^" ^"^'^ '^^ 

second number of side walls. ""P^Wng an electromagnetic wave from the 

40 

Pn>t;:ron?rear^^^^^^ ^ ^''e second materia, is 

electromagneSc wave f^;:^"!,^;^^^^^^^^ ^'"^ •^•^ emission of an 
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8. An optical device accordirm to ria r« -» u 

Crttical ,„gl. of the a taw part I """"" " """^ »lw»n n. 
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10 traoeaxd. °" *« ansre al Uirw sua vnlK of th* 

30 

« p'Cr 2'S;;;"^,„":^"<' «««« *, radlauo. «„amv. 
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PWinos, rar. e«ths, such « ErWom, t»nop«|d... or q»i„„ das. 
«. »n opto. ^ 3, ^ ^ ^ ^ ^ 

«• •"V - "-42, whe^m .h. „ , heK,h. 

Where. .K, ph«OK.e«^ p,^ , , photo^We 

a substrate, 
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providing a substrate, 

->«". ^ «m „ ^ ,„ ^ 

^J-^'^T"*" '^'^ ' >"««e™lned pattern 

53. A method according to claimii qi « u . 
25 further comprises «,e /tep ol^^ e^p^S^aCr T °' '^""'"^ ^'"^^^ 

I exposure baking the polymer after the exposing step. 

S.A.etho.ror late.,., emitting an elect..^^^^^ 
" :r r '^"""^ with an optica.,, act^ medium on a 

P^r^lnrp^: ^'^'"^^ -^-"^ -'V.er to ra.lat.on In a 

mecurn. ' P«>v«de activation of the optlc^r^'cuve 

laterally emitting an electromagnetic wave. 

S^...crosystem composing at ,eastoneoptlca..ev.eaccor.ng to any Of c..ms.^ 
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l:r:r ^^^^ "^""-^ ^ ^^er com^,^ ^ .east one .avegu..e 

material. ^ ^P**"' device is fabricated In the same polymer 

60. A micro system according to any of claims ^7^0 u • 
10 provided .so fh«t an output Jthe oollTT / ' ''^^"re is 

waveguide channel. '^^'"^^ *^ ""P'^* <«"ctly Into the polymer 
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